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(54) Synthesis of thermoplastic perhalogenated (co)polymers of chforotrifluoroethylene 

(57) A process for the synthesis of chlorotrifluor- 
oethylene (PCTFE) (co)polymers, containing at least 
80% by moles of CTFE, being the complement to 100 
one or more fluorinated monomers, preferably the com- 
plement to 100 is formed of one or more perfluorinated 
monomers, characterized in that the reaction medium 
comprises (per)fluoropolyoxyalkylene microemulsions 
wherein the fluorinated surfactant is salified with sodium 
and/or potassium and an inorganic potassium and/or 
sodium initiator. 
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[0006] For the above mentioned applications, it is desirable to use a PCTFE havina aood thermal «t«,h.n*, «. „ u 

TZtSSSSSTJSS T" H ShaP6S WWCh rSqUire ,0n9 r6SidenCe ,imeS and ^ temperatures. In particu 
Z*Z = 2 ? ♦ W 3 W ' de P rocessin 9 wi " d °« could allow the processing of polymers of hiqh molecular 

ST 6 10 manUfaCtUre artictes «*• hWl mechanical properties from thos& PCTFPs of low Llecu lar 

[0007] It is therefore desirable to have available an efficient industrial polymerization process i e with vielric n«t 
Zl* a * 0U l 10 9/<IXh) <9 ° f P ° ,ymer/I ° f Waterh ^ tnermodynamicalfy stable SSiS^2^«?^^ 

^ZTe^r^V^ I? a,,ows the PCTFE synthesis of dm ™ nt vfecosi * ^SiT^LtoSfK 

rooosi ™f IS t k 9 9 ° 0d therma ' Stabi,ity COmbined with ^bstantial no discoloration. 9 
Sffik unexpectedly and surprising found an efficient process for obtaining the above 

(PCTFE) fc'LnoLm^ 0 ' 6 "? ° bjeCt f ^ P^" 1 inV6nti ° n 3 prDCeSS for the s V nthesis <* chlorotrifluoroethylene 

the mlthnH?^ ? ^^'y^'ky'ene microemulsions according to the present invention are obtainable followino 
OOlT ^.T ,' n H S l 4 ' 864 ' 006 ' ln the name ° f the Ap P ,icanl - herein incorporated by reference ' 
ZL of^n^fortula 3 ^ 013 " 15 " *" * - present invent are selected from the 

R r -XM + 

n pr ^ ng * p,e5em i " veMk,n ' p ° Bs *" m "" >r = ,, " c in,,a "» 5 •» -»—~* p.^u Vh «. is 

so Ss 51 ^ COntr0 ' ° f m ° leCU,ar W6i9ht ° f 1,16 flU ° rinated ° f ,h6 inV6ntion can be out in various 

^im^^S^SS 3 ! Uit3ble IT 9 " ° f radiCa ' initiat ° r •»*"•*■*>" the selection of the syn- 
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the beginning of the reaction, or in a continuous way or in discrete amounts during the polymerization. The used chain 
transfer agent amount can range within rather wide limits, depending on the reaction temperature and the molecular 
weight target. Generally, such amount ranges from 0.001 to 5% by weight, preferably from 0.05 to 1% by weight, with 
respect to the total amount of monomers fed to the reactor. 
5 [0018] In the process according to the present invention the presence of liquid CTFE in the reaction medium, in 
order to obtain high productivity (R p ) in g/(lxh), is preferred. 

[0019] A further object of the present invention are chlorotrifluoroethylene (PCTFE) (copolymers, obtainable by the 
above described process, containing at least 80% by moles of CTFE, being the complement to 100 one or more fluor- 
inated monomers, preferably the complement to 100 being one or more perfluorinated monomers. 
10 [0020] The chlorotrifluoroethylene (PCTFE) (co)polymers of the invention are characterized in that the CTFE 
homopolymer, having a MFI of about 25 g/1 0*, does not show discoloration, as defined below, and a global very reduced 
weight loss by thermogravimetric analysis. 

[0021] The preferable (co)polymers of the invention are the thermoplastic ones. 

[0022] The CTFE homopolymers with MFI of about 25 g/10\ obtained according to the present invention, have a 
is weight loss which is approximately the half of the weight loss of the CTFE homopolymers obtained in emulsion. 

[0023] Besides the efficiency confirmation of the process object of the present invention is mainly given by the high 
productivity yield and by the absence of polymer buildup in autoclave. 

[0024] This low weight loss of the polymers of the invention combined with absence of discoloration allows to obtain 
manufactured articles of complex shape and with substantial absence of defects, mainly bubbles. For example, the 
20 presence of bubbles in the extruded film makes it unusable, since the main PCTFE characteristic is the impermeability. 
[0025] Among the fluorinated monomers, we can mention hexafiuoropropylene, hexafluoroisobutylene, viniiyden- 
fluoride, tetrafluo methylene, fluorinated ethers such as perfluoroalkylvinylethers, for example perfluoroethylvinylether, 
perfluoromethylvinylether, preferably perfluoropropylvinyl-ether, or mixtures thereof, . 

[0026] The viscosity of CTFE (co)polymers according to the present invention is defined by the Melt Flow Index 

25 measure (MFI) at 265°C and 1 0 Kg load according to the ASTM D 1 238-88 method. 

[0027] The discoloration is determined through the observation of the strands obtained after 20, 40 and 60 minutes 
of residence time of the polymer in the MFI machine at 265°C. Discoloration means the coloration of the extruded pol- 
ymer. The product not showing discoloration is colourless or white. Polymers showing discoloration are generally yel- 
lowish or brown. The skilled in the art is able to determine whether the polymer shows or not discoloration also by using 

30 methods measuring the colour index such as for example white index or yellow index. 

[0028] The thermal stability is subsequently controlled, if there is substantially no discoloration as above defined, 
through therm o-gravi metric measures (TGA) carried out as follows: 

i) Dynamic TGA with a heating rate of 20°C/minute up to 300°C; 
35 ii) Isotherm TGA at 300°C for 60 minutes. 

[0029] The global variations by weight (AW, % by weight) and the weight loss rate in the last 1 0 minutes of the iso- 
thermal treatment (AW/At, % by weight/h) are determined (see Table 1). 

[0030] The perfluoropropylvinylether content in the PCTFE copolymers has been determined by 19 F-NMR. 
40 [0031] The second melting temperature (T 2 f) and the crystallization temperature (T xx ) are determined by differential 
scanning calorimetry (DSC). 

[0032] The following Examples are given for illustrative purposes and are not limitative of the present invention. 
EXAMPLE 1 

45 

[0033} A 2 I AISI 316 autoclave, equipped with stirrer working at 400 rpm, has been evacuated and therein were 
introduced in sequence: 

1300 g of demineralized H 2 0; 
so - 14 g of a microemulsion formed of: 20% by weight of Galden® D02, having formula: 

CF 3 0-(CF 2 CF(CF 3 )0) m (CF 2 0) n -CF3 

having m/n = 20 and average molecular weight of 450; 40% by weight of a surfactant having formula: 

55 

(C 3 CIF 6 0)-(CF 2 -CF(CF 3 )0) mr (CF 2 0) nl -CF 2 COO-K + 
having m1/n1 = 82.7 and average molecular weight of 527; the remaining part being formed of H 2 0. 
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[0034] In the autoclave 400 g of CTFE were then introduced between 1 °C and Th» n h,» . , 

75 E XAMPLE 2 comp ara tive (com p) 

Seed fn L^enct: 6 aUt0C,aVe, ^ * 400 has be " e ~d and therein were 

20 - 1 200 g of demineralized H 2 0 

" SntS 1 , 8 ° f S ° diUm PerflU ° raOCta — e (^ON.) ""1 00 g of water, corresponding to the surfactant amount 

[0041] In the autoclave 400 g of CTFE were then introduced between t °C and 5°C Thon th» <,.* , 

10M4J Ater h=»„g dlsch^d me la.ex and washed W, wa.er ,he ...oc,.^ „ , nt e™, Mls sh0 „ some ^ 
SJ° dte "°' a,k>n * ^ °' >,a " ,ed M " 60 ™™'<* - ™—» «™ ». MR mach.ne „ 265-c, 

35 

EXAMPLE 3 nnmp arative (cnm p) 

Seed fn sJguence: 6 aUt0C ' aVe ' ™ M * « 400 ™ ^ be - -cuated and therein were 
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1 300 g of demineralized H 2 0; 

1 B.3 g of a microemulsion formed of: 18.37% by weight of Galden® D02, having formula: 



CF 3 0-(CF 2 CF(CF3)0) m (CF 2 0) n -CF 3 
having m/n = 20 and average mo.ecular weight of 460; 30.61 % by weight of a surfactant having formula: 
(C3CIF 6 O)-(CF 2 -CF(CF 3 )O) m1 .(CF 2 O) n1 -CF 2 C00-NH 4 + 

lt- ^»rsis^«~ssr has " °* 50,1 - - * — 
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coagulated, then the polymer was separated and dried at 1 75°C for about 1 6 hours. 

[0050] After the latex was discharged, part of this is present in the torn, of coagulum on the bottom of the autoclave. 
[0051] Discoloration of the obtained strands was noticed already after 20 m.nutes of residence time in the MFI 
machine at 265°C. 

5 

fyampi E 4 compa rative (compl 

[0052] The comparative Example 3 was repeated, replacing the ammonium persulphate with 3.0 g of potassium 

w S Phat A«er 245 minutes of reaction, when the working pressure has decreased of 50% wtth respect to Its initial 
value the autoclave is vented and discharged at room temperature. 

ra054] The latex discharged from the autoclave, having a concentration of 260 g/l of water, was cryogen,cal.y coag- 
ulated then the polymer was separated and dried at 1 75°C for about 1 6 hours. 

S After the latex was discharged and the autoclave washed wrth water, its internal walls d,d no show residues 
,5 [0056] Discoloration of the obtained strands was noticed already after 20 minutes of residence time, ,n the MFI 
machine at 265°C. 

EXAMPLE 5 com parative (comp) 
20 [0057] Example 1 was repeated, replacing the potassium persulphate with an equivalent amount by moles of 

[O^aT^TeTJS^nutes'of reaction, when the working pressure has decreased of 50% with respect to its inftia, 
value the autoclave is vented and discharged at room temperature. 

SS] The latex discharged from the autoclave, having a concentration of 275 g/l water, was cryogenically coagu- 
™ lated then the Dolvmer was separated and dried at 1 75°C for about 1 6 hours. 

0060] After K was discharged and the autoclave washed with water, its interna, walls did not show res.dues 
Soil] Discoloration of the obtained strands was noticed already after 20 minutes of residence time m the MFI 
machine at 265°C. 

30 EXAMPLE 6 

[0062] A 2 I AiSI 31 6 autoclave, equipped with stirrer working at 400 rpm, has been evacuated and therein were 
introduced in sequence: 

35 - 1200 g of demineralized H 2 0; 

- 14 g of a microemulsion formed of: 20% by weight of Galden® D02, having formula: 

CF 3 0-(CF 2 CF(CF3)0) m (CF 2 0) n -CF3 
40 having m/n = 20 and average molecular weight of 450; 40% by weight of a surfactant having formula: 

(C 3 CIFeO)-(CF 2 -CF(CF 3 )0) m1 -(CF 2 0) nr CF 2 COOK + 

having m1/n1 = 82.7 and average molecular weight of 527; the remaining part being formed of H 2 0 
as - 3.0 g of potassium persulphate dissolved in 200 g of demineralized H 2 0. 

[0063] in the autoclave 33 g of perfluoropropylvinylether (FPVE) and 400 g of CTFE were then introduced between 
1°Cand5°C. 

r00641 Then the autoclave was heated to reaction temperature of 50 C. 
so S After 500 minutes of reaction, when the working pressure has decreased of 50% with respect to ,ts in.tia. 
value the autoclave is vented and discharged at room temperature. 

0066] The latex discharged from the autoclave, having a concentration of 268 g/l of water, was cryogen^a.ly coag- 
ulated, then the polymer was separated and dried at 1 75°C for about 1 6 hours. 
rnnK7l The DerfluoroDropvlvinylether content in the obtained copolymer is 1 .5 A by moles. 

55 ££] After the r^^^^^^^ 

P069] No discoloration of the obtained strands was noticed after 60 minutes of residence time in the MFI machine 

at 265°C. 



5 



Hwcnnrm /CD 



1rV!71^RA1 i -» 



EP 1 067 146 A1 

EXAMPL E 7 comparative 
[0070] 



Eiced fn sequence 6 "* h Stirrer «9 at 40 ° HPm, has been evacuated and therein were 

1 200 g of demineralized H 2 0- 

inC^ 5 SCiT m Perf,UOrOOCtan ° ate < PFONa ) hi 00 g of water, copending to the surfactant amount 
3.0 g of potassium persulphate dissolved in 200 g of demineralized H 2 0. 

S£ . CoTl'TSSn'r ""^ - "'»'• te *»""'' wa " s « oov- 

[0075, Dtotaata, o, 1B . obK ,„„ t| mnas „„ ^ ^ 6Q m|nuMs m j n the MFI m ach,„. „ 



TABLE 1 



EXAMPLE 


1 


2 (comp) 


6 


7 (comp) 


T 2 f (°C) 


212.2 


211.4 


197.1 




Txx (°C) 


181.7 


175.5 


162.0 




R P (g/(ixh)) 


62.5 


20.3 


32.2 


7.6 


MFI(g/10') 


25.0 


24.6 


9.8 


4.9 


AW (% w) 


0.34 


0.81 






AW/At (% w/h) 


0.126 


0.312 






DISCOLORATION 


NO 


NO 


NO 


YES 



Claims 
1 



ssasr S5==s= ~ s=s=r=sas= 

A process according to claim 1 , wherein the fluorinated surfactant is se.ected from the products of general formula 

R r XM + 

se^ed beJween ^ " " ^^^ene chain, X" is -COO" or -S0 3 , M + fe 



A processo according to claim 2, wherein M + is preferably K 1 ". 

A process according to claims 1-3, wherein potassium inorganic initiators are preferred. 
A process according to claim 4, wherein the potassium inorganic initiator is potassium persulphate. 
6. A process according to claims 1-5, wherein the temperature is in the range O'C-150'C and the pressure is in the 
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range 3-80 bar. 

7. A process according to claim 6, wherein the temperature ranges between 10°C and 70°C and the pressure 
between 4 and 20 bar. 

5 

8. A process according to claims 1-7, wherein the presence of liquid CTFE in the reaction medium is preferred. 
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